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the technical monitor. 
We also express our appreciation to Dr, John M. Parry of 
Tyco Laboratories for making the mechanical strength measurements, 
ABSTRACT 
Experimental lots of sintered nickel plaques and impregnated plates 
were prepared in a production facility to study the effect of material 
and process variables on plaque and plate characteristics. 
The variables studied included sintering time, sintering tempera- 
ture, slurry viscosity, sintering atmosphere, priming of substrate prior 
to slurry coating, and bulk density of the nickel powder. Measurements 
were made of plaque porosity, resistivity, mechanical strength, weight 
gain of active material and its percent utilization to evaluate the 
effect of the aforementioned variables on these plaque and plate charac- 
teristics. 
I. INTRODUCTION 
The objective of this program is to scale up a laboratory process to 
manufacture uniform and reliable nickel-cadmium battery materials 
for long term aerospace missions. The specific tasks include a study 
of how raw material and processing variables effect plaque and plate 
characteristics. 
During the first quarter, sample lots of sintered nickel plaques 
were prepared in a production facility, under varied experimental con- 
ditions, using a continuous slurry coating process. Representative 
plaque samples from each experimental lot were impregnated with nickel 
and cadmium salts to produce positive and negative plate material, The 
plaque and plate materials were evaluated during this reporting period 
to determine the effect of the aforementioned variables on plaque and 
plate characteristics. The characteristics of interest were plaque 
porosity, resistivity, mechanical strength, weight gain of active material 
and its utilization (ampere-hour capacity vs. weight gain). 
The experimental procedures used and the findings are described in 
the following sections. 
11, EXPERIMENTAL METHODS & RESULTS 
A, EVALUATION OF SINTERED PLAQUES 
AS desc r ibed  i n  t h e  F i r s t  Q u a r t e r l y  Report ,  t h e  e f f e c t  of each of six 
s i n t e r i n g  v a r i a b l e s  on t h e  c h a r a c t e r i s t i c s  and un i fo rmi ty  of n i c k e l  
plaques and p l a t e s  was s t u d i e d ,  The v a r i a b l e s  s e l e c t e d  f o r  s tudy  were: 
a .  S i n t e r i n g  temperature,  a t  3 l e v e l s ,  
b ,  S i n t e r i n g  time ( r a t e  of t r a v e l  of coated s t r i p  through t h e  k i l n ) ,  
a t  5 l e v e l s ,  
c .  Nickel powder s l u r r y  v i s c o s i t y ,  a t  3 l e v e l s .  
d ,  S i n t e r i n g  atmosphere, a t  2 l e v e l s ,  
e ,  Bulk d e n s i t y  of n i c k e l  powder, a t  2 l e v e l s ,  and 
f ,  Priming of n i c k e l  s u b s t r a t e  p r i o r  t o  a p p l i c a t i o n  of t h e  s l u r r y  
c o a t i n g ,  a t  2 l e v e l s ,  
The s i n t e r i n g  experiments c a r r i e d  o u t  t o  s tudy  t h e s e  v a r i a b l e s  a r e  
t abu la t ed  below (Table I )  i n  t h e  o rde r  i n  which the; were perfornned, 
To e v a l u a t e  t h e  e f f e c t  of t h e  s i n t e r i n g  v a r i a b l e s  on plaque charac-  
t e r i s t i c s ,  r e s i s t i v i t y ,  p o r o s i t y ,  and mechanical s t r e n g t h  of r ep re sen ta -  
t i v e  samples from each experiment were determined,  The methods used 
t o  measure r e s i s t i v i t y  and p o r o s i t y ,  and t h e  r e s u l t s  of t h e s e  measure- 
ments were presented  i n  t h e  previous  r e p o r t ,  
Mechanical s t r e n g t h  was determined by a  four -poin t  bend t e s t , .  In 
t h i s  t e s t ,  a  f o r c e  i s  app l i ed  t o  t h e  plaque i n  a  bending mode t o  t e s t  
t h e  mechanical i n t e g r i t y  of t h e  s i n t e r ,  e s s e n t i a l l y  e l i m i n a t i n g  t h e  
e f f e c t s  of t h e  s u b s t r a t e  i n  t h e  c e n t e r  of t h e  p laque ,  A d e t a i l e d  des- 
c r i p t i o n  of t h e  t e s t  method and t h e  appara tus  i s  given i n  t h e  Second 
Q u a r t e r l y  Report ,  "Development o f  Uniform and P r e d i c t a b l e  B a t t e r y  Mate r i a l s  
f o r  Nickel-Cadmium Aerospace Cel l s" ,  ~ y c o  Labs, Waltham, Mass, 
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TABLE I. TABULATION OF SINTERING EXPERIMENTS 
JC Nickel Powder, Lot No. ~ / 3 ,  Bulk density 0.92 gm/cc 
+c;'c Nickel Powder, Lot No. ~1998, Bulk density 0.85 gm/cc 
The mechanical s t rength  of the various t e s t  samples i s  shown i n  
Table 11. The values shown i n  the  t ab l e  a r e  ar i thmet ic  averages of  
measurements made on four t o  e ight  representa t ive  t e s t  samples i n  each. 
experimental run. 
TABLE 11. MECHANICAL STRENGTH OF SINTERED NICKEL PLAQUES 
B .  IMPREGNATION OF SINTERED PLAQUES 
Representative samples from each s i n t e r i ng  experiment were irrnpregnated 
with Ni(OH)2 and Cd(OH)2 f o r  evaluation as ba t t e ry  p l a t e  mate r ia l ,  Of 
i n t e r e s t  were the  amount of ac t ive  mater ia l  deposited i n  the  pores,  
va r i a t i on  i n  the  amount of deposi t ,  and the  u t i l i z a t i o n  efficiency s f  
the  ac t ive  mater ia l .  
The impregnation procedure used was a s  fol lows:  
1. P o s i t i v e  P l a t e s  
a .  Soak plaques f o r  5 minutes i n  53O Be' Ni(NO3IZ s o l u t i o n  a t  
ambient temperature under 24" vacuum. 
b.  Remove plaques from s o l u t i o n  and al low t o  d r a i n  f o r  5 mincttes, 
c .  Pass through a i r  tunnel  a t  approximately 2 f t / s e c  f o r  s i x  
complete excurs ions  t o  remove excess  s u r f a c e  l i q u i d ,  
d .  Dry f o r  30-60 minutes i n  a ho t  (EOO°C) forced  a i r  oven, 
e .  Soak i n  28' Be' KOH a t  60°C f o r  12 rninu.tes t o  conveiet the 
N i  (NO3) t o  N i  (OH) 
f .  Pass through deionized water  spray  tunnel  a t  approximately 
* 2  f t / s e c  f o r  s i x  complete excursions t o  remove excess  caustic 
from p l a t e  s u r f a c e ,  
g.  Wash i n  deionized water  f o r  15 minutes i n  f i r s t  t ank  a t  
room ambient,  30 minutes i n  second tank  a t  50°C, and 29 min- 
u t e s  i n  t h i r d  tank  a t  60°C, u n t i l  water  d r ipp ing  o f f  p l a t e s  
g ives  a n e u t r a l  r e a c t i o n  t o  i n d i c a t o r  paper ,  
h .  Dry 30 minutes i n  a h o t  ( 1 0 0 ' ~ )  f a r ced  a i r  oven, 
i. Weigh p l a t e s  t o  determine weight ga in ,  and r e p e a t  impreg- 
n a t i o n  c y c l e  as  necessary t o  achieve t h e  d e s i r e d  weight 
ga in .  
2. Negative P l a t e s  
The procedure used t o  impregnate t h e  nega t ive  p l a t e s  was 
i d e n t i c a l  t o  t h a t  used f o r  p o s i t i v e s ,  except  t h a t  43" BeQ@(N03)2 
was used a s  t h e  impregnating s o l u t i o n ,  and t h e  conversion wi th  ROH 
was a t  room ambient, 
Twelve impregnation cyc le s  were run  on both p o s i t i v e  and nega t ive  
p l a t e s .  The weight ga ins  achieved,  and t h e  t a r g e t  weights  (expressed 
a s  kg of Ni(OH)* and Cd(0H)z f o r  p o s i t i v e s . a n d  nega t ives  r e s p e c t ~ i v e l y )  
a r e  presented  i n  Table 111, 
Following impregnation, t h e  p l a t e s  were scrubbed wi th  s t a i n l e s s  w l r e  
brushes under a  spray  of deionized water  t o  remove t h e  a c t i v e  m a t e r i s l  
adhering t o  t h e  s u r f a c e ,  d r i e d ,  and blanked i n t o  ind iv idua l  p l a t e s ,  
TABLE 1 x 1 ,  CWZBTIVE WEIGHT GAINS 
C. EVALUATION OF IMPREGNATED PLATES 
P o s i t i v e  and nega t ive  p l a t e s  were eva lua ted  b y  determining the 
amount of a c t i v e  m a t e r i a l  contained i n  t h e  p l a t e ,  and b y  rneasurir~g t h e  
ampere-hour c a p a c i t y  on d ischarge .  
The amount of a c t i v e  m a t e r i a l  i n  t h e  p o s i t i v e  p l a t e s  was determined 
by reducing t h e  Ni(OH)2 t o  t h e  meta l  i n  a  20% Hz-80% N2  gas mixture a t  
9 3 0 " ~ .  This  was done i n  a  h o r i z o n t a l  glaw-bar furnace  wi th  a  drzven 
b e l t  feed and a  water-cooled chamber a& t h e  e x i t  end. The b e l t  speed was 
1 in135 s e c ,  and t h e  dwell  time a t  temperature was 11 minutes ,  40  seconds 
(20 i n .  h o t  zone). 
Weighing t h e  t e s t  samples be fo re  and a f t e r  f i r i n g ,  y ie lded  t h e  weight 
l o s s  ( N i ( 0 ~ ) ~  ,-> N ~ O )  which was m u l t i p l i e d  by 2.72 (92,71/34,02) t o  
y i e l d  grams of Ni(0H) reduced. (Several  t r i a l  runs were made t o  es tab-  2 
l i s h  t h e  necessary  cond i t i ons  t o  reduce a l l  t h e  Ni(0H) i n  t h e  p l a t e , )  
2  
This  va lue  was then  d iv ided  by 3.46 (gms N~(OZI)~/B]LI) t o  o b t a i n  t h e  
t h e o r e t i c a l  Ah capac i ty .  Before f i r i n g ,  t h e  p l a t e  t h i ckness  was 
measured a t  each of t h e  fou r  co rne r s  and a t  t h e  c e n t e r ,  and t h e  f i v e  
readings  averaged. The v a r i a t i o n  i n  th ickness  i n  any one p l a t e  bras 
rt 0.001" from t h e  mean. However, because t h e  p l a t e  t h i ckness  ranged 
from 0.023" (C-3) t o  0.038" (H-8) f o r  t h e  d i f f e r e n t  samples,  t h e  
t h e o r e t i c a l  c a p a c i t i e s  were normalized t o  a  0.031" p l a t e  th ickness  t o  
o b t a i n  a  b a s i s  of comparison, The r e s u l t s  of t h e s e  c a l c u l a t i o n s  are 
shown i n  Table IV. 
The amount of a c t i v e  m a t e r i a l  contained i n  t h e  nega t ive  p l a t e s  was 
determined by e x t r a c t i n g  i t  wi th  Musprat t  r eagen t  (54 gms m4Cl aind 
350 m l  concen t r a t ed  NH40H per  l i t e r ,  pH = 
A 1-314" x 1-314" c e n t e r  s e c t i o n  of t he  t e s t  sample was weighed, 
measured f o r  t h i ckness  a t  t h e  four  corners  and c e n t e r ,  and t r e a t e d  
wi th  approximately 200 c c  of reagent  a t  50°@ f o r  2-3 hours ,  A f t e r  a 
r e p e a t  of t h e  e x t r a c t i o n  procedure with t h e  reagent ,  t h e  sample was 
washed i n  de ionized  wa te r ,  d r i e d ,  and reweighed t o  determine weight l o s s ,  
The weight l o s s  was m u l t i p l i e d  by 5.03 ( r a t i o  of p l a t e  a r e a  t o  area s f  
sample used i n  e x t r a c t i o n )  and d iv ided  by 2.73 (gm c ~ ( o H ) ~ / A ~ )  t o  o b t a i n  
t h e o r e t i c a l  c a p a c i t y  on a  p e r - p l a t e  b a s i s .  The v a r i a t i o n  i n  t h i ckness  i n  
any one p l a t e  was 4 0.002" from t h e  mean. As w i th  t h e  p o s i t i v e  plates, 
t h e  t h e o r e t i c a l  c a p a c i t y  was normalized t o  a  0.031" p l a t e  t h i ckness  f o r  
comparison. These r e s u l t s  a r e  shown i n  Table V. 
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TABLE IV. THEORETICAL CAPACITY OF POSITIVE PLATES 
continued,, 
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TABLE IV. - THEORETICAL CAPACITY OF POSITIVE PLATES (Continued) 
- 10- continued,,, ,, 

TABLE IV.  - THEORETICAL CAPACITY OF POSITIVE PLATES ( C o m t ' d  
TABLE V, - THEORETICAL CAPACITY OF NEGATIVE PLATES 
- 13- continued , ,, , , 
TABLE V. - THEORETICAL CAPACITY OF NEGATIVE PLATES ( C o n t i n u e d )  
WEIGHT 
BEFORE 
EXTRACTION 
(gms ) 
7.30  
7.29 
7.52 
7 .31  
7.39 
7.47 
7 .30  
5.74 
6.97 
6.76 
6 .74  
6.87 
7 .20  
6.87 
7.33 
7 .35  
7 .30  
7.13 . 
6.88  
6.72 
6 . 9 1  
7.16 
6 .67  
6.99 
7 .11  
PER PLATE 
THEORETICAL 
CAPACITY 
(Ah) 
7.09  
7.03 
7.43 
4 .69  
6 .13  
7 .14  
7.18 
5.09 
6.39 
6.39 
6.36 
6.39 
6.85 
6.52 
7.20 
PER PLATE: 
THEORETICAL 
CAPACH TU 
NOWLTZELO '60 
- 
-14 - continued,,,,, 
TABLE V. - THEORETICAL CAPACITY OF NEGATIVE PLATES (Con 
-15- continued,,,, 
TABLE V ,  - THEORETICAL CAPACITY OF NEGATIVE PLATE (Conlrinued) 
Ampere-hour capac i t i e s  of representa t ive  p l a t e  samples were determined 
by assembling two-plate c e l l s  (one pos i t ive  and one negative),  and cbarge- 
discharge cycling a t  constant current .  An open mesh PVC screen was used 
as a spacer between the two p la tes  while they were immersed i n  a large  
excess of e l e c t ro ly t e  (34% KOH). The c e l l  was charged and discharged a t  
750 mA (7.1 m ~ / c m ~ ) .  Charging was done fo r  1 2  hours, followed by a 
one-hour open c i r c u i t  s tand,  and discharged u n t i l  both electrodes €ai led  
( t o  -1.0 V). During discharge, a  H ~ / H ~ O  reference e lect rode was used to 
monitor each electrode po ten t ia l .  The time required fo r  each electrode 
po ten t ia l  t o  decay t o  zero vo l t s ,  with respect  t o  the reference e lect rode,  
was used t o  ca lcu la te  e lec t rode capacity. 
Three charge-discharge cycles were carr ied  out t o  s t a b i l i z e  p l a t e  
capac i t i e s .  The p l a t e  capac i t i e s  measured on the  t h i rd  discharge cycle,  
along with the theore t i ca l  capac i t i e s ,  and the  r a t i o  of measured-to- 
theore t i ca l  capaci t ies  a r e  l i s t e d  i n  Table V I .  
TABLE VI-A. - MEASURED AMPERE-HOUR CAPACITIES OF 
POSITIVE PLATES 
continued,,,,,, 
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TABLE V I - A  - MEASURED AH CAPACITIES OF P O S I T I V E  PLATES 
(Continued) 
continued, ,  . , , , 
TABLE VI-A.  - MEASURED AH CAPACITIES OF P O S I T I V E  PLATES 
( C o n t i n u e d )  
TABLE VI-Be - MEASURED AH CAPACITIES OF NEGATIVE 
PLATES 
TABLE VI-B - MEASURED AH CAPACITIES OF NEGATIVE PLATE 
(Continued) 
TABLE VI-B-  - MEASURED AH CAPACITIES OF NEGATIVE PLATE 
(Continued) 
111. DISCUSSION 
A .  EFFECT OF SINTERING VARIABLES ON PLAQUE CHARACTERISTICS 
The e f f e c t s  of s i n t e r i n g  time and s i n t e r i n g  temperature on the  observed 
e 
plaque c h a r a c t e r i s t i c s  were a s  one would a n t i c i p a t e .  That i s ,  i nc reas ing  
t h e  s i n t e r i n g  time o r  temperature promotes p a r t i c l e - t o - p a r t i c l e  bonding of 
t h e  powder which decreases  plaque r e s i s t i v i t y  and p o r o s i t y ,  and increases  
61 
i t s  mebhanical s t r e n g t h .  The e f f e c t s  of s l u r r y  v i s c o s i t y ,  s i n t e r i n g  atmos- 
phere,  and priming t h e  s u b s t r a t e  were no t  a s  we l l  def ined  ( a  p r i n c i p a l  
o b j e c t i v e  i n  u s ing  powders of d i f f e r e n t  bu lk  d e n s i t y  was t o  check u n i f o m i t y  
and r e p r o d u c i b i l i t y ) ,  and t h e r e f o r e ,  t h e  i n t e n t  was t o  e s t a b l i s h  t h e i r  in -  
f luence  on plaque c h a r a c t e r i s t i c s .  This  was done by averaging t h e  ind iv idua l  
values t o  c a l c u l a t e  main e f f e c t s .  Comparison of main e f f e c t s  show t h e  l eve l -  
t o - l e v e l  v a r i a t i o n .  
The d a t a  i n  Tables  V I I  t o  I X  have been t abu la t ed  t o  show t h e  e f f e c t  of 
s l u r r y  v i s c o s i t y ,  ba tch  number, s i n t e r i n g  atmosphere, and primer con p l a q u e  
r e s i s t i v i t y .  These r e s u l t s  show a  random v a r i a t i o n  i n  r e s i s t i v i t y  with 
ba tch  number, wi th  no d i s c e r n i b l e  t rend  (Table VI I ) .  The bulk d e n s i t y  of 
t h e  powders used f o r  B 1 ,  B2 and.B3 were 0.92, 0.92 and 0,85 (gm/cc) respec-  
t i v e l y ,  and t h e  va lues  obtained f o r  B3 were in te rmedia te  between BL and B2, 
The v a r i a t i o n  i n  r e s i s t i v i t y  f o r  t h e  two s i n t e r i n g  atmospheres showed no  
o r d e r l y  t r e n d ,  judging from t h e  d a t a  i n  Table I X .  
I nc reas ing  t h e  s l u r r y  v i s c o s i t y  tended t o  i nc rease  t h e  r e s i s t i v i t y .  
This  t rend  i s  ev ident  from t h e  d a t a  i n  Tables V I I  and V I I I .  Because t h e  
th ickness  of t h e  plaque e n t e r s  i n t o  c a l c u l a t i n g  r e s i s t i v i t y ,  /g , t he  th i ck -  
ness  va lues 'were  examined t o  a s c e r t a i n  t h a t  ;hey had no, f o r t u i t o u s  in f luence  
on t h e  observed t r ends .  The weights of t h e  plaques used i n  making the 
r e s i s t i v i t y  measurements were a l s o  examined. While t h e  v a r i a t i o n  i n  thiek- 
ness  wi th  v i s c o s i t y  was random, the  average weight of t h e  plaques increased 
as  v i s c o s i t y  i nc reased ,  a s  shown i n  Table X. This  i s  probably due t o  
t h e  h ighe r  v i s c o s i t y  s l u r r y  having more n i c k e l  powder per  u n i t  volume, 
More n i c k e l  metal  per  u n i t  p l a t e  a r e a  would be expected t o  show a lower 
r e s i s t i v i t y  va lue ,  r a t h e r  than what was a c t u a l l y  observed. Presumably, 
t h e  n i c k e l  powder i s  more uniformly d i spe r sed  i n  t h e  lower v i s c o s i t y  slurry 
a f fo rd ing  a  l a r g e r  number of p a r t i c l e - t o - p a r t i c l e  con tac t  when t h e  coa t ing  
i s  d r i e d  and s i n t e r e d ,  
Priming t h e  s u b s t r a t e  p r i o r  t o  coa t ing  i t  tended t o  i nc rease  the re- 
s i s t i v i t y  of t he  plaque,  as  shown i n  Tables  V I I I  and I X .  The pr imer,  
being an organic  m a t e r i a l ,  was probably no t  burned o f f  completely i n  the 
s i n t e r i n g  oven, leav ing  a  r e s i d u e  which a c t s  a s  a  r e s i s t a n c e  b a r r i e r  between 
t h e  s u b s t r a t e  and t h e  s i n t e r .  
V a r i a t i o n  i n  plaqug p o r o s i t y  d id  n o t  show any d i s c e r n i b l e  t r ends  with 
v i s c o s i t y ,  ba tch  number o r  s i n t e r i n g  atmosphere, a s  shown i n  Tables X I ,  
X E I  and X I I I ,  The primer would appear t o  have a  s l i g h t  e f f e c t .  However, 
t h e  range of p o r o s i t i e s  was narrow f o r  a l l  t h e  experimental  runs (Table PV, 
F i r s t  Q u a r t e r l y  Report) and t h e  d i f f e r e n c e s  i n  Tables X I 1  and X I I I  are too 
small  t o  a s c r i b e  any s i g n i f i c a n c e  t o  them. 
9~ Resistivity = ohm - cm x 10 5 
yc Resistivity = ohm - cm x 10 5 
TABLE IX. RESISTIVITY* vs . SINTERING ATMOSPHERE hr PRIMER - 
* R e s i s t i v i t y  * o h m  - c m  x 10 5 
* 
TABLE X .  SINTERED PLAQUE WEIGHT vs VISCOSITY & BATCH NO, 
* W e i g h t  i n  g r a m s .  V a l u e s  s h o w n  are averages of three  s a m p l e s ,  
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TABLE X I .  P O R O S I T Y  V s .  V I S C O S I T Y  AND BATCH NO, 
BATCH 
TABLE X P I .  P O R O S I T Y  V s .  V I S C O S I T Y  AND P R I M E R  
TABLE X h I P .  P O R O S I T Y  V s .  S I N T E R I N G  ATMOSPHERE & PR.IMER 
PP
The va r i a t i , on  i n  mechanical s t r e n g t h  wi th  t h e  s i n t e r i n g  parameters 
under cons ide ra t ion  showed t h e  same t r ends  a s  those  observed f o r  plaque 
r e s i s t i v i t y .  That i s ,  ba tch  number and s i n t e r i n g  atmosphere showed no 
t r ends ,  while  a lower v i s c o s i t y  and t h e  absence of t h e  primer tended t o  
i n c r e a s e  mechanical s t r e n g t h  (Tables X I V ,  XV, and XVI). This observa- 
t i o n  is  no t  unexpected, cons ider ing  t h a t  r e s i s t i v i t y  and mechanical 
s t r e n g t h  a r e  both inf luenced  by t h e  degree of bonding of t h e  metal 
powder p a r t i c l e s .  
& BATCH NUMBER 
* 
Table XV. M E C m N I C A L  STRENGTH V s .  V I S C O S I T Y  & PRIMER 
TABLE X V I  . MECHANICAL STRENGTH V s  . S I N T E R I N G  
ATMOSPHERE & PRIMER 
B. EFFECT OF SINTERING VARIABLES ON IMPREGNATED PLATES 
To eva lua t e  t h e  e f f e c t  of t h e  s i n t e r i n g  v a r i a b l e s  on impregnated p l a t e s ,  
t h e  d a t a  were t r e a t e d  i n  t h e  same manner a s  i n  t h e  preceding s e c t i o n ,  Of 
i n t e r e s t  were t h e  amount of a c t i v e  m a t e r i a l  contained i n  t h e  p l a t e s  and 
t h e  u t i l i z a t i o n  e f f i c i e n c y  of t h e  a c t i v e  m a t e r i a l  a s  they  a r e  irlflueaced 
by s l u r r y  v i s c o s i t y ,  ba tch  number, s i n t e r i n g  atmosphere and primer,  
P l a t e  loading  (both p o s i t i v e  and nega t ive )  d i d  not  show any t r ends  
wi th  changing v i s c o s i t y ,  s i n t e r i n g  atmosphere, o r  primer a s  may be deduced 
from t h e  d a t a  i n  Tables  X V I I  t o  XXII ( t h e  numbers i n  t h e  parentheses  a r e  
t h e  number of t e s t  samples upon which t h e  average va lue  i s  based) ,  The 
bulk d e n s i t y  of t h e  n i c k e l  powder, however, does appear t o  have an in- 
f luence  on p l a t e  loading ,  judging from t h e  d a t a  i n  Tables  X V I I  and XX, 
Here t h e  va lues  f o r  Batch No. 3 a r e  n o t i c e a b l y  lower. Batch numbers 
1 and 2 were prepared wi th  n i c k e l  powder of 0.92 gm/cc bulk d e n s i t y ,  -t7hiPe 
t h a t  of Batch No. 3 was 0.85 gmlcc. Presumably, t he  lower d e n s i t y  powder 
wi th  a  sma l l e r  average p a r t i c l e  s i z e  would r e s u l t  i n  a  s in t e r  having a finer 
pore s t r u c t u r e  ( smal le r  average pore d iameter ) .  A sma l l e r  average pore 
diameter  would show a lower weight ga in  f o r  a  comparable number of impreg- 
n a t i o n  cyc le s  because, a s  a c t i v e  m a t e r i a l  i s  depos i ted  on t h e  wa l l s  of  the  
pore,  i t s  t o r t u o s i t y  ( r a t i o  of length  t o  c r o s s - s e c t i o n a l  a r ea )  becomes 
g r e a t e r  w i t h  each success ive  impregnation cyc le ,  making i t  more d i f f i c u l t  
f o r  t h e  s o l u t i o n  t o  pene t r a t e .  
The u t i l i z a t i o n  e f f i c i e n c y  of t h e  a c t i v e  m a t e r i a l  ( r a t i o  of measured 
capac i ty  t o  t h e o r e t i c a l  capac i ty )  d id  no t  show any t rends  wi th  changes in 
t h e  s i n t e r i n g  parameters under cons ide ra t ion ,  a s  shown by t h e  d a t a  presented 
i n  Tables  X X I I I  t o  X X V I I I .  One might expec t ,  perhaps,  t o  s e e  a r e l a t i o n -  
sh ip  between plaque r e s i s t i v i t y  and u t i l i z a t i o n  e f f i c i e n c y ,  That is, a 
a lower r e s i s t i v i t y  might be expected t o  show a higher  u t i l i z a t i o n ,  P l a t e  
c a p a c i t i e s  were measured wi th  a  f5% accuracy and a  weak response t o  
plaque r e s i s t i v i t y  would be overshadowed by experimental  e r r o r .  
The p o s i t i v e  p l a t e s  showed a u t i l i z a t i o n  e f f i c i e n c y  g r e a t e r  than 1-0, 
i n d i c a t i n g  t h a t  t h e  measured Ah c a p a c i t i e s  were g r e a t e r  than  those  which 
may be expected on the  b a s i s  of weight ga in .  The a d d i t i o n a l  capac i ty  was 
most l i k e l y  due p r imar i ly  t o  chemical a t t a c k  on t h e  n i c k e l  s i n t e r  by the 
f r e e  n i t r i c  ac id  i n  t h e  impregnating s o l u t i o n ,  and t o  some e x t e n t  by 
anodic ox ida t ion  of t h e  s i n t e r  on prolonged overcharging. 
It should be emphasized t h a t  t h e  l e v e l - t o - l e v e l  v a r i a t i o n  i n  main 
e f f e c t s  a r e  smal l ,  and the  conclusions a r e  based on t h e  ind ica t ed  treads, 
An independent e s t ima te  of t h e  experimental  e r r o r  w i l l  be  made d u r i n g  
t h e  next  s e r i e s  of experimental runs .  This  information w i l l  be  useful i n  
determining t h e  s i g n i f i c a n c e  of t h e  observed t r ends .  
The t o t a l  body of d a t a  has been reduced us ing  a  s tep-wise m u l t i p l e  
l i n e a r  r eg re s s ion  a n a l y s i s  computer program. The r e s u l t s  i nd ica t ed  t h a t  
t h e  r e l a t i o n s h i p s  a r e  complex. Addi t iona l  work i s  planned which will 
al low t h e  des i r ed  p r e d i c t o r  equat ion  t o  be formulated. 
TABLE XVII. NORMALIZED POSITIVE PLATE CAPACITY Vs. 
VISCOSITY & BATCH NUMBER 
TABLE XVIII. NORMALIZED POSITIVE PLATE CAPACITY Vs. 
VISCOSITY & PRIMER 
TABLE XIX.  NORMALIZED POSITLVE PLATE CAPACITY V s .  
SINTERING ATMOSPHERE & PRIMER 
PRIMER ATMOSPHERE I I 
TABLE XX. NORMALIZED NEGATIVE PLATE CAPACITY V s .  
VISCOSITY & BATCH NUMBER 
IOSITY 
TABLE - XXI. NORMALIZED NEGATIVE PLATE CAPACITY Vs. VISCOSl= 
AND PRIMER 
TABLE XXII. NORMALIZED NEGATIVE PLATE CAPACITY Vs. S I N T E F S  
ATMOSPHERE & PRIMER 
TABLE X X I I I ,  P O S I T I V E  P U T E  U T I L I Z A T I O N  E F F I C I E N C Y  Vs_, 
V I S C O S I T Y  & BATCH NUMBER 
VISCOS I BATCH NO. 7 OK I 1 lOK 
TABLE XXIV,  P O S I T I V E  PLATE U T I L I Z A T I O N  E F F I C I E N C Y  Vs_, 
V I S C O S I T Y  AND PRIMER 
[ PRIMER V I S C O S I T Y  
TABLE XXV, P O S I T I V E  PLATE U T I L I Z A T I O N  E F F I C I E N C Y  V s ,  
S I N T E R I N G  ATMOSPHERE & PRIMER 
TABLE XXVI.  NEGATIVE PLA.TE U T I L I Z A T I O N  E F F I C I E N C Y  T7_s_, 
V I S C O S I T Y  & BATCH NO. 
V I S C O S I T Y  
TABLE XXVPI . NEGATIVE PLATE U T I L I Z A T I O N  E F F I C I E N C Y  12. 
V I S C O S I T Y  AND PRHMER 
TABLE X X V I I I ,  NEGATIVE PLATE U T I L I Z A T I O N  E F F I C I E N C Y  Vs,  - 
SINTERHNG ATMOSPHERE & PRHMER 
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